We show that the Quantum Zeno Effect prevails even if the entanglement with the measuring probe is not complete. The dynamics towards the asymptotic regime as a function of N , the number of measurements, reveals surprising results: the transition probability, for some values of the coupling to the measuring probe, may decrease much faster than the normal QZE.
The development of Quantum Information Theory caused a surprisingly great enhancement in the research of the Quantum Zeno Effect. In fact the citations of the famous work by B. Misra and E. C. Sudarshan [1] , and Itano et. al. [2] has impressively increased as shown in [3] . The reason for this is connected to the possibility realized by the QZE of controlling and preserving quantum states [4, 5, 6, 7, 8] .
In this contribution we investigate modifications on the dynamics of a quantum system provoked by interactions with probe systems. The system we use is that of two linearly coupled qubits one of which is coupled to the measuring apparatus at periodic times. We show that the QZE persists even if the system-measuring apparatus (probe) do not entangle completely after each interaction. This means that the state of the measuring apparatus after each interaction does not contain conclusive information about the system's state.
Physically this means that the relative importance of each correlation process becomes less and less important as N increases. Moreover we show that it is possible to control the subsystem (two qubits) through interactions which do not entangle (at all) with the auxiliary probes. However, surprisingly enough the initial state is more efficiently protected than by the traditional QZE.
The system
Let us consider a system S composed by two coupled qubits (S a and S b ) described by the Hamiltonian:
where σ + = |1 0|, σ − = |0 1|, G is the coupling coefficient and ǫ a (ǫ b ) is the eigenvalue of S a (S b ) free Hamiltonian. A possible empirical implementation for this model can be performed in a solid-state superconducting device [9] .
Let us consider a measuring system consisting of a set of two level systems (whose states are represented by |1
M ) that interact with S b . This interaction will discriminate between the states |1 b and |0 b . For simplicity we will follow the analysis considering instantaneous interactions, described by the hamiltonian:
The delta function limits the interaction times to t
m , g is the interaction coefficient and I a represents the identity matrix of subsistem S a . In what follows we conclude that the coefficient g is related to the completeness of the measurement. The total Hamiltonian (S + M) can be written as:
where H M is the free Hamiltonian of the probe system
) is the energy of the eigenvector |1
Let us divide the time evolution of the initial state in N steps, and each step in two parts. At the first one, S a and S b interact freely, this evolution being governed by:
This first part is identical in every step. At the second part, the probe system interacts with M b , and the unitary evolution on the k th step is given by
taking the limit ǫ → 0, we have U
when n is an odd number, and (Γ (k) ) n = I when n is even. Therefore, from the series expansion of U
The total time evolution of the global system will be composed by a succession of the unitary evolutions shown in (6) and (9) as follows:
As will become clear in what follows our analysis is along the lines of [10] .
Single interaction
Let us consider |ψ(0) = |1, 0 |0 M as the initial state of the system (S + M), where
At the first part of the first step it evolves as:
where α(t) = cos(Gt) and β(t) = sin(Gt). Note that the quantum transition that will be modified by the interactions with the probe is: |1, 0 → |0, 1 .
At the second part of the first step, subsystem S b interacts with the first probe (we omitted states of the probe that do not interact in this step):
Information about occurrence of the quantum transition (|1, 0 → |0, 1 ) may be obtained 
The transition rate
In this section we investigate the changes on the quantum transition rate roused by the interaction described in (12) .
An approach for the Quantum Zeno effect that focus on the changes of the quantum transition rate is presented in [11] . The authors show that immediately after a complete measurement (interaction that induces the maximum entanglement between S and M), the quantum transition rate is null. Therefore, a complete measurement series inhibits the enhancement of
, and consequently, of the quantum transition. We investigate, in this section, the effects of incomplete measurements and interactions that do not entangle S and M at all.
Firstly, let us calculate the quantum transition rate for an interval where no measurements are performed.
notice that the rate is null when t = 0 and it assumes non null values for later times, allowing the states in subsystem S to evolve. Let us calculate the rate immediately after an interaction with M. For this purpose, we consider the vector state at t 
We calculate the quantum transition rate as function of t and take the limit t → 0:
then we get the quantum transition rate immediately after the interaction between S and M.
Different modifications on the quantum transition rate can be observed for different values of g. As cos(g) is a periodic function, let us restrict ourselves to the interval 0 ≤ g ≤ π.
When g = 0 there is no interaction, we can notice that
there is a decrease of the quantum transition rate's absolute value
m )|, however this interaction with M does not invert the "signal" of the derivative (quantum transition rate). A similar work along these lines that focus on this particular interval is [12] .
(complete measurement) the transition rate is null after the interaction with M,
m ) = 0 (traditional QZE). When π 2 < g < π, we can notice a decrease of the quantum transition rate's absolute value |T (0) (t
m )| and also a derivative's "signal" inversion. We know that the derivative signal decides whether the function P 1,0 (t) is increasing or decreasing. Therefore, after this interaction P 1,0 (t) becomes increasing. It is interesting to notice that this interactions does not entangle S and M completely, nevertheless, it inhibits the transition all the same in a stronger sense than the traditional QZE.
For g = π, only the inversion of the derivative's signal is observed, there is no change on its absolute value. This interaction has a net result similar to the inverting pulse in the "Super-Zeno Effect" [13] .
In Fig 1. , we see the probability curves P The strongest inhibition is roused by g = π (π pulse), which inverts the derivative signal without changing its absolute value. After some algebra we may write the quantum transition rate as:
The rate is positive (T (1) (t (1) m +t, g = π) > 0) when the evolution time after the interaction with M is smaller than the evolution time before the interaction (t (1) m > t). Therefore, the probability P Firstly, we consider interactions that do not entangle the subsystems S and M, but rouses meaningful changes on the evolution of S (g = π).
After, we investigate the possibility of Quantum Zeno Effect with incomplete measurements. We conclude that the enhancement on the number of interactions (N) contribute to the decreasing of the quantum transition rate's absolute value. This is the physical mechanism which allows for the similar behavior between incomplete and complete measurements when N → ∞.
The dynamics of the system S may be controlled through a sequence of interactions with
The modifications induced by a sequence of N g = π interactions in T = Nτ , where τ is the time period during which S evolves freely, depends on the parity of N. Because at the end of each gπ interaction the signal of
is inverted, alternating the behavior of P 1,0 (t) between increasing and decreasing.
If N is even
and if N is odd
The control of the dynamics can be achieved from equations (19) and (20). Notice that quantum transition inhibition is more efficient for a sequence of g = π interactions than for the traditional QZE.
The presence of oscillations in the upper curve is due to the alternate behavior of In t 1 the system S evolves freely, although, in t 2 a sequence of N interactions in performed.
If N → ∞ the time interval between the interactions tend to zero. Therefore, the dynamics becomes very similar to the one in which N consecutive interactions are performed in t 2 . The quantum transition rate after N consecutive interactions in t 2 can be written as:
When N → ∞, < g < π), the curve P 1,0 × t inverts its behavior and becomes to increase (due to the change on derivative signal), but with the absolute value of transition rate reduced. After the second measurement, the curve P 1,0 × t decreases again and the absolute value of the transition rate is even smaller. This effects continues as N increases.
The oscillation between increasing and decreasing behavior of P 1,0 ×t, as well as the successive reduction on the absolute value of the transition rate, contribute to the inhibition of the quantum transition.
In measurement sequences with 0 < g < π 2
only the reduction on the absolute value of the transition rate contributes to the inhibition of the transition. For this reason in To summarize, in the present contribution, we have shown that the QZE persistes even if the entanglement with the measuring probe is not complete. We have also shown that when π 2 < g ≤ π the interactions between S and M inhibit the transition in a stronger sense than the traditional QZE.
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